Abstract: In this paper, the cuckoo search (CS) algorithm -neuro fuzzy controller (NFC) technique is proposed for estimating the electric and magnetic field (EMF) of over head transmission line (OHTL). In the proposed method, the CS algorithm is used to optimize the conductor spacing (arrangements) and to minimize the EMF. From the optimized arrangement of the conductors, the EMF of the transmission lines is evaluated and formed as the datasets. Then the optimized data set values are applied to the input of the NFC. Subsequently, the coordinates are given to the input of the NFC which predicts their corresponding EMF data. The proposed method is implemented in the MATLAB working platform. For testing the performance of the proposed estimation methods, two overhead transmission line models with 110 kV and 400 kV respectively are considered. In order to verify the effectiveness of the proposed method this is compared with the CS algorithm-ANN controller.
Introduction
The magnetic fields provoked in the vicinity of open air type substations are of great anxiety for possible health effects to people working inside these substations, or people leaving close by [1] . The only manner to be safest from the electric and magnetic fields publicity generated in open air type substations is to at least make certain that one is pictured to electric and magnetic fields inside the existing safety guideline limits [2] . Newly, environmental exposure to synthetic EMFs has been gradually increasing as the growing demand for electricity, and ever advancing technologies and varies in social behaviour have formed more and more artificial sources [3] [4] . To the improvement of transmission lines in operation range, which produce very strongly electric field in their near locality [5] . Consequently, it is significant to address the issue of environmental conditions in and around the overhead transmission line [6] [7] .
Various concerns are there regarding possible biological effects of low-frequency electric and magnetic fields [11] . The calculation of the electric and magnetic field values within a substation is a hard task [8] . Owing to the difficulty arrangements of geometry of the bus bars, power transformers, insulators, voltage and current measurement transformers and increase of connected power lines within the covered space [9] [11] . As a result, it is needed to apply a dimensional based coordinate approach to the computation and study of the electromagnetic field [10] . Artificial intelligence techniques have been effectively used to an estimate the overhead transmission line electromagnetic field during latest years [14] . Fuzzy logic is applied for magnetic field estimations at transformer substations [12] . In fuzzy logic, the overhead line condition index, which symbolizes the numerical expression of the degree of its condition aggravation and the basis for the choice of the maintenance actions to be taken [15] .
For the adjustment of the fuzzy parameters the genetic algorithm has been proposed [16] [17] . Artificial neural networks are addressed in order to give precise solutions to high voltage transmission line problems [18] . ANFIS and RBF network have been effectively employed to a number of engineering problems during latest years [19] . The architecture and learning procedure of fuzzy interference system executed in the framework of adaptive networks. One of ANFIS functions is modelling difficult nonlinear functions by a set of fuzzy rules. Neural network and fuzzy logic system are common approximations. The RBF neural network as well has the ability of common approximation [20] . These artificial intelligence techniques are effectively used for electromagnetic fields estimation around an overhead power transmission line [13] . In this paper, CS algorithm with aid of NFC is proposed to estimate the EMF of transmission line and also find the optimal arrangement of conductors. The detailed description of the proposed technique is presented in Section 3. Prior to that, the recent research works are presented in Section 2. The experimental results and discussion are given in Section 4. Finally, the Section 5 concludes the paper.
Recent Research Works: A Brief Review
In literature different research works are already presented which based on electric and magnetic field estimation in overhead transmission line by AI techniques, noncontact technology and etc. In this segment, a generic reassess performed.
Jasna Radulovic et al. [21] have distressed the chance that the revelation to very low frequency electromagnetic fields from power lines may have dangerous effects on human and living organisms. They have been offered approach based on the employ of both feed forward neural network (FNN) and adaptive network based fuzzy inference system (ANFIS) to calculate approximately electric and magnetic fields around an overhead power transmission lines. Using the results obtained from the earlier research an FNN and ANFIS is employed to reproduce this problem that was coached. It was demonstrated that suggested approach makes certain satisfactory precision and could be a competent tool and constructive substitute for such examinations.
A calculation of the 3-D magnetic and electric fields in terms of the influence of a steel tower has been offered by Zemljaric. B et al. [22] . The method joins the magnetic and electric quasi-static field calculation approach through the suitable electric circuit model and equations. By means of this approach the electric field potentials of the tower elements are not equal to zero and the involvement of the induced electric field was taken into report. The potentials mainly rely on the value of the current running through the tower elements from the top to the ground. The electric field values for dissimilar climbing routes on the tower were computed and compared with reference values in order to forecast an optimal climbing route on the tower. Jasna Radulovic et al. [23] have explained in detail the design of radial basis neural network models in order to assess magnetic field of power transmission lines. The network was coached by gradient descent algorithm. The results attained according to the suggested NRBF method were very near to those computed by means of Charge simulation method, which obviously implies that the suggested method makes certain acceptable precision and pleasing convergence. The benefit of the employ of NRBF in relation to conventional methods for computation of magnetic fields of power lines is that neural network was necessary to be coached only once. NRBF could be employed to find out the magnetic field distribution after the achievement of training in a novel geometry varying from the geometries applied for training. Maximal absolute fault is less than 4% when NRBF was employed. These developed NRBF model makes it feasible to find out the magnetic fields easier, while offering significant diminution of analysis time.
A noncontact technology of operation state monitoring has been suggested by Xu Sun et al. [24] based on magnetic field sensing for high voltage transmission lines, which could at the same time calculate both electrical and spatial parameters in real time. This technology was obtained from research on the magnetic field distribution at the ground level when the transmission lines function in different states, together with sagging, galloping, and current imbalance. Two distinctive models of high-voltage three phase transmission lines were reproduced, and the resulting magnetic fields were worked out. The association among the magnetic field variations and the operation states were examined. Based on such correlation, a source reconstruction method was proposed to renovate the spatial and electrical parameters from the magnetic field derived by the overhead transmission lines. The reconstruction effects for the 500-kV and 220-kV transmission lines validate the possibility and practicality of this noncontact transmission line monitoring technology based on magnetic field sensing.
F. Munoz et al. [25] have conversed the application of particular Artificial Intelligence techniques offers a competent solution to the problem of characterizing the magnetic field of a high voltage overhead transmission line, and is a substitute to the expensive procedure of direct measurements, which needs equipment and time, to the employ of complex numerical methods of a very precise scope, or of simply gaining a theoretical value calculated by means of analytical procedures which give up the quality of the solution in support of making simpler the computations. They offered an execution which based on a hybrid algorithm in which the best solutions presented by a metaheuristics define the initial simplex for the application of the Nelder-Mead Method, which as a local search method allows a calculation-intensive search. In order to authenticate the quality of the results produced by this hybrid implementation, the estimates attained were compared with measured values and with values attained using analytical procedures.
The reassess of the current research works demonstrates that, the extra high voltage transmission line produces very low frequency electric and magnetic fields. Different human health hazards are related with this low frequency fields as the low frequency field's prediction participates an important role. Many methods have been suggested for categorizing the frequency of the signal such as Maxwell's equation, analytical method, empirical method and etc. For calculating the magnetic field Maxwell's equation permits only very easy geometries to direct integration. The benefits of analytical method regarding other techniques which presented information on the subject of the parameters so as to have an outcome on the magnetic field produced by overhead lines and tolerate examining original configurations in a simpler approach. In investigative methods, the computed magnetic field value is just appropriate at large distances from the line assessed to the distances among conductors. As a result, this method is appropriate only for electrical lines with multilateral regularity, apart from for in the smallest amount configuration. The process of Empirical method is based on the features measurement of high voltage transmission line under electromagnetic environment. However, the effect of this procedure is high-priced for both time and equipment. Hence by the difference of electrical and environmental conditions the measurement is affected. To conquer problem related with characterization over head line signal in the magnetic environment, the artificial intelligence technique is applied. In the paper, an optimization algorithm based artificial intelligence technique is applied for estimating the EMF generated by overhead transmission line. The detailed explanation is described in the following section.
EMF Calculation of Over Head Transmission Line
The magnetic field around a three-phase line can be computed by superimposing the individual contribution of the current of each phase conductor and taking into consideration the return currents through the earth. The magnetic field intensity at the point 'j' is achieved by taking into account the contribution of all 'N' conductors, presuming parallel lines over a flat earth [26] . A line conductor is located at ( 
In the above equation,
represent the conductivity, permittivity, and permeability of the earth. The phase current, and unit vectors are symbolized as
. By means of the above-mentioned equation, the magnetic field is computed. For the purpose of evaluation of the electric field, the following equation is employed.
Where r denotes the conductor radius and GMD represents the geometric mean distance. Thereafter, the electric field of the communication line is estimated.
A. EMF Estimation of transmission line using proposed method
In this paper, an innovative method is used to estimate the EMF of the OHTL systems. The proposed method is the CS algorithm with aid of NFC. Here, the CS algorithm is used to optimize the conductor spacing and minimize the EMF. Initially, the x and y co-ordinates, conductor size, voltage, current etc. are given as the inputs of the proposed method. Then the EMF is evaluated according to their optimal conductor arrangements. Subsequently, the optimized datasets are formed by using the CS algorithm and are given as the input to the NFC.
The NFC controller is used to predict the corresponding EMF data for the given input. The detailed explanation of the proposed CS algorithm combined with the NFC technique is described in the following section 3.1. The block diagram of the proposed technique is illustrated in Figure 1 .
Figure 1. EMF estimation of OHTL using proposed method

A.1. Optimal conductor arrangements and EMF dataset generation using CS algorithm
Cuckoo search technique, in essence, is a meta-heuristic method enthused by the breeding trend of the cuckoos and is easy to implement. In the cuckoo search, there is a host of nests. Each and every egg accounts for a solution and the egg of a Cuckoo specifies a new solution. The new and better solution displaces the worst solution in the nest [27] . Now, the cuckoo search technique is employed for reducing the EMF of the transmission line system to optimize the conductor arrangements. The inputs of CS algorithm are represented by the x and y coordinates, voltage, current, conductor size etc. The fitness function is estimated for ach iteration. The EMF data represents the output of the innovative technique, An extensive account of the novel method is elegantly explained hereunder.
Step 1: Define the Objective function In this section, the objective function is considered as an optimization problem. Here, the optimization problem is defined as follows:
. The objective function ( f O ) has to be minimized by arranging the conductor in an optimal way in the search space of its limits.
Step 2: Describe the Initialization Process In this section, the host nests are randomly initiated. Here, the nest is an array of size 'n'.
N and k C are denoted as the x and y coordinates respectively. Then each nest n n is a solution vector to the optimization problem. It can hold n number of variables, which are optimized so as to minimize the objective function.
Step 3: Establish the new cuckoo generation A cuckoo randomly generates new solutions by using the Levy function and determines the quality of solutions. The Levy function (    Levy ) is represented as follows:
The Cuckoo is evaluated using the objective function to determine the quality of the solutions.
Step 4: Compute the Fitness for all inputs
Here, the fitness function ( FF ) of all the inputs are evaluated by using the following formula,
Where, the electric and magnetic field depend on the conductor arrangements and the x & y coordinates. If the fitness function is minimized then the current solution is saved as an optimal solution. Otherwise, the previous solution is kept as the best solution.
Step 5: Discard the worst nest In this part, the worst nests are discarded based on their probability a p values and the new ones are built using the equation (1). Subsequently, the best solutions are ranked based on their quality. Then the present best solutions are identified as the optimal solutions.
Step From the output of the CS algorithm, the conductor arrangement is optimized and the optimal set of the minimum EMF of the transmission line system is evaluated. The Flow chart of the CS algorithm is illustrated in Figure 2 . 
A.2. Neuro fuzzy controller (NFC)
Neuro fuzzy is associated with the domain of the artificial intelligence, which represents the integration of the artificial neural networks and the fuzzy logic [28] . The neural network is employed to build up the training dataset and testing for the input data applied. The innovative feed forward type neural network is employed in this regard. Normally, the neural network is home to three specific layers such as the (i) Input layer, (ii) Hidden layer and the (iii) Output layer. In the document, the optimized datasets are furnished as input to the NFC. It possesses two input layers such as the x and y coordinates a number of hidden layers and a single output i.e., the optimized electric and magnetic field (EMF) data. The function of NFC is concisely offered in the ensuing Section 3.1.2.
-Neural network Here, two inputs are furnished as the input to the network and a single output is offered. The neural network procedure is carried out in the hidden layer. The structure of the neural network is exhibited in Figure 3 .
In Figure 3 , the hidden layer is given as W . The proposed neural network training and weight adjustment are carried out by means of the Back Propagation (BP) process. The detailed working procedure of neural network is explained below:
Step 1: Initialize all the datasets such as the input, output and weight of the neuron. Here the inputs of the network are represented x and y coordinates. The optimized EMF signifies the output of the network.
Step 2: Evaluate the BP error of the input dataset. Step 3: Calculate the network output using the following relation. Where,
n n e n EMF (15) Both the equations given above represent the output layer and hidden layer activation function respectively.
Step  represents the learning rate which is in the range of 0.2 to 0.5.
Step 5: The procedure will be repeated from step 2, till the 1 E gets reduced to the minimum value.
After the process is finished, the network is well trained and generates the optimal EMF ( N EMF ). After the training procedure comes to an end, the fuzzy rules are created, which comprises three specific phases such as the fuzzification, decision making and defuzzification, which are employed to generate the optimal EMF ( N EMF ). The fuzzy rules creation is detailed in the ensuing Section 3.1.2.2. P. Sivakami, et al.
-Development of training dataset using fuzzy rules
The functioning of the controller is invariably dependent on the fuzzy rules. Now, the fuzzy rules are created by employing the Genfis2. The fuzzy controller comprises three phases which are detailed below: a. Fuzzification b. Decision making c. Defuzzification
In the course of the fuzzification procedure, the crisp values are transformed into fuzzy value. The output is forwarded to the decision making block, which comprise of a group of regulations. By effectively employing the fuzzy rules the decision for the suitable output is produced, which is furnished to the defuzzification procedure. Defuzzification represents the inverse procedure of the fuzzification. The Table shown above illustrates the fuzzy rules, which are capable of developing the EMF. The proposed system is discussed with the NFC, by performing on the MATAB platform. The outcomes of the proposed system together with details are furnished in the ensuing Section 4.
Results and discussion
The proposed method is implemented in MATLAB working platform. Here, the CS algorithm and the NFC are used for estimating the electric & magnetic field of the transmission line. The x and y coordinates are given to the input of CS algorithm and the EMF is estimated. Subsequently, the optimized datasets are given as input to the NF controller. In order to verify the effectiveness and robustness of the proposed method, it is compared with the CS algorithm-NN techniques. Here, the 400kV and 110kV transmission lines data [21] [23] are used to estimate the EMF. The implementation parameters of the proposed method are given in Table 2 . A. Performance analysis of 400kV OHTL Here, the magnetic field values for several new geometries are estimated and formed as a data set for training the neural network. Then the electric field of the transmission line values are evaluated for several new geometries. By applying the proposed method, the magnetic field dataset of 400kV transmission line is estimated and it is applied for training the NN which is tabulated in Table 4 . And also, the electric field of 400kV transmission line data set is examined and tabulated in Table 5 . Prior to that, the experimental results are evaluated by using the formula and are tabulated in Table 3 . Similarly, the magnetic and electric field dataset for 110kV transmission line is determined using the proposed method and tabulated in Tables 6 and 7 . Similarly, the electric and magnetic field values are determined by using the CS algorithm-NN controller. Figure 5 . Analysis of (a) Magnetic field and (b) Electric field distribution in surrounding of 400 kV power transmission line Tables 2 and 3 represent the magnetic field data for the training and testing of the neural network. Here, the x and y coordinates and their corresponding EMF data are 80% trained and 20% tested. Then the performance of the proposed method is determined and compared with the existing method. The performances of magnetic and electric fields are illustrated in the Figure 5 .
Similarly, the absolute and relative error of the electric field is calculated. The performance of the absolute and relative error values are evaluated by using the proposed and existing methods, which are illustrated in Figures 6 and 7 . Here, the magnetic field values for several new geometries are estimated and formed as a data set for training the neural network. Then the electric field of the transmission line values are evaluated for several new geometries. By applying the proposed method, the magnetic field dataset of 110kV transmission line is estimated and is applied for training the NN which is tabulated in Table 4 . And also, the electric field is examined and tabulated in Table 5 . Similarly, the electric and magnetic field values are determined by using the CS algorithm-NN controller. From the above illustration, the traditional method has the relative error for the magnetic field at about 0.35. Whereas for the proposed method the relative error for the magnetic field is about 0.05. However, from the above Figure it is clear that the relative power error of the proposed method is very much lower than that of the traditional method. Therefore, the magnetic field is highly minimized using the proposed method when compared to the existing methods. Similarly, the electric field is highly minimized using the proposed method vis-a-vis the existing methods. Figure 9 . Comparison analysis of (a) absolute error and (b) relative error in electric field
Conclusion
In the paper, a CS-NFC technique is proposed for estimating the electric and magnetic field of the transmission line. The proposed method is implemented in the Matlab platform. In order to obtain the minimal EMF, the arrangements of the conductor should be optimized. Initially, the x and y coordinates are given as input to the proposed method and the corresponding EMF is evaluated by using the proposed method. Then the performance of the proposed method is evaluated and analyzed with the existing methods. From the analysis, it is observed that the results of the transmission line can ensure the minimal EMF by optimizing the conductor arrangements. Therefore, by the optimal arrangement of the conductors by using proposed method, the minimal EMF is achieved when compared to the other technique. In addition, the error measurement confirms the effectiveness of the proposed method.
